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ABSTRACT 

PURPOSE: To prevent thin film semiconductor elements from diffusion of 
contaminating matters contained in a transparently insulating substrate, 
and to contrive to enhance relatibility, stability and reproducibility of a 
thin film semiconductor device by a method wherein PSG is formed on the 
transparently insulating substrate, NSG is formed on the PSG, and the thin 
film semiconductor elements are formed on the NSG, 
CONSTITUTION: By forming PSG13 on a transparently insulating substrate 
12, a semiconductor elements can be prevented from diffusion of 
contaminating matters of sodium, etc., contained in the transparently 
insulating substrate. Moreover, the reason why to form NSG14 on the 
PSG13 is that firstly, when PSG is to be used as a diffusion obstructing 
film of the contaminating matters, concentration of phosphorus thereof 
must be set high to some degree, therefore because to prevent the 
semiconductor elements from reduction of moisture vapor resistance 
according thereto. The more concentration of PSG is enhanced, the more 
moisture absorption is increased to reduce damp proof property, but 
because the NSG is formed on the PSG, reduction of damp proof property is 
removed. Secondly, because to prevent the semiconductor elements from 
diffusion of phosphorus in the PSG. 
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TITLE OF THE INVENTION 

SUBSTRATE STRUCTURE OF THIN-FILM SEMICONDUCTOR DEVICE 
WHAT IS CLAIMED IS; 

A substrate structure of a thin-film semiconductor 
device, wherein PSG is formed on a transparent insulation 
substrate, NSG is formed on the PSG, and a thin-film 
semiconductor element is formed on the NSG. 
DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to a substrate structure 
of a thin-film semiconductor device. 

Recently, a semiconductor thin-film, particularly, a 
thin-film transistor using a silicon thin-film of multi- 
crystal silicon or non-crystal silicon, etc. , has been actively 
studied and developed. The object of the study is to realize 
a flat display with a large area and a large capacity by using 
a thin-film transistor to form an active matrix panel. In this 
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case, in order to improve the quality of the display, a 
transparent insulation substrate of glass or quartz is used 
for the substrate. 

In a case where a semiconductor element is formed on 
such a substrate, contamination of a semiconductor element by 
alkali metal, in particular, sodium, etc, contained in said 
substrate comes into question. As generally known, a 
semiconductor element is extremely sensitive to contamination, 
and depending on the existence of contamination, initial 
performance and reliability of the semiconductor element is 
greatly influenced. Such a tendency is particularly great in 
a case of an element using the surface of a semiconductor as 
an electric field effective element such as a thin-film 
transistor. Therefore, it can be said that a reduction in 
contamination is essential for a semiconductor element. 

However, it cannot be said in the present status that 
contaminants contained in a transparent insulation substrate 
such as a glass substrate or quartz substrate are 
satisfactorily reduced to a degree so as not to harmfully 
influence the semiconductor element. For example, in the case 
of the glass substrate, the substrate essentially contains 
sodium of 0.1 through several percent, when considering its 
influence on the semiconductor element, it must be said that 
such a value is extremely great. Also, in the case of the quartz 
substrate, a sodium content is several ppm, which is extremely 
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small, however, unlike the glass substrate, since the quartz 
substrate is generally used at a high temperature, and usually, 
used in a heat processing at approximately 1000°C, sodium is 
easily diffused onto the semiconductor element. That is, since 
the substrate is used at a high temperature, the element is 
easily contaminated, and therefore, a slight contamination 
source is not allowed. Thus, when the transparent insulation 
substrate is considered as a contamination source onto the 
semiconductor element, the present status is not a satisfactory 
level. Hereinafter, the above is described in detail with 
reference to the drawings* 

Fig. 1 is an example showing a structure in that a 
thin-film transistor is formed on a transparent insulation 
substrate. 1 is a transparent insulation substrate of glass 
or quartz, etc., 2 is a semiconductor thin layer forming a 
channel range of the thin-film transistor, 3 is a gate 
insulation layer, 4 is a gate electrode, 5 is a source range 
in which impurities are doped, 6 is a drain range by the same 
method, 7 is a source electrode, 8 is a drain electrode and 
9 is a layer-between insulation film. 

Fig. 2 is a graph showing voltage and current properties 
and reliability of an N channel thin-film transistor formed 
in accordance with the structure of Fig. 1 . The horizontal axis 
shows the gate voltage V os and the vertical axis shows the drain 
current for the source . The drain voltage V DS is 4V for the source , 
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and the channel length and channel width are 30fi.m and lO^m, 
respectively. In the figure, 10 shows the initial performance 
of the thin-film transistor, which shows a satisfactory 
transistor performance in an on-of f ratio of approximately 7 
digits. Also, 11 shows the transistor performance after 
performing a bias and temperature test (hereinafter, referred 
to as BT test). As the test conditions, the gate is biased to 
20V for the source and drain, and maintained for 10 minutes 
at 250°C. As clearly understood from this graph, after the BT 
test, the transistor performance greatly changes, wherein the 
threshold voltage decreases to a slight depletion type, and 
the off current increases. These results clearly show that 
movable ions such as sodium exist and have influences of 
contamination . 

Thus, the prior-art has a problem in that, due to 
influences of contaminants contained in the transparent 
insulation substrate, a semiconductor element which is 
excellent in reliability, stability, and reproductivity, 
cannot be manufactured. 

The invention is to eliminate such a defect, and the 
object thereof is to provide a substrate structure to realize 
a semiconductor element which is excellent in reliability, 
stability, and reproductivity by eliminating influences of 
contaminants contained in the transparent insulation 
substrate. Concretely, PSG (Phospho Silicate Glass, Si0 2 with 
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: 



phosphorus doped) is formed on the transparent insulation 
substrate, and NSG (Non-doped Silicate Glass, Si0 2 without 
doping impurities) is formed on the PSG, and a thin-film 
semiconductor element is formed on the NSG. 

Hereinafter, the invention shall be described in detail 
on the basis of an embodiment. 

Fig. 3 shows the embodiment of the invention, which 
corresponds to the prior-art example of Fig. 1. 12 is a 
transparent insulation substrate of glass or quartz, 13 is PSG, 
14 is NSG, 15 is a semiconductor thin layer forming a channel 
range of a thin-film transistor, 16 is a gate insulation film, 
17 is a gate electrode, 18 is a source range in which impurities 
are doped, 19 is a drain range by the same method, 20 is a source 
electrode, 21 is a drain electrode, and 22 is a layer-between 
insulation film. The invention is characterized by the PSG 13 
and NSG 14 . As generally known, the PSG has an excellent effect 
for preventing contamination due to sodium, etc. This point 
is also clearly understood from the fact that the PSG is used 
as a passivation film of a normal integrated circuit. Therefore, 
as illustrated, by forming the PSG 13 on the transparent 
insulation substrate 12, contaminants such as sodium, 
contained in the transparent insulation substrate can be 
prevented from diffusing onto the semiconductor element. Also, 
the NSG 14 is formed on the PSG 13 due to the following two 
reasons. First, when the PSG is used as a contaminant diffusion 
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preventive film as mentioned above, the phosphorus 
concentration must be set high to some degree, therefore, the 
first reason is to prevent lowering in moisture resistance due 
to the high phosphorus concentration. The PSG increases in 
moisture absorption and decreases in moisture resistance as 
the phosphorus concentration becomes higher, however, 
according to the structure of the invention, since NSG is formed 
on said PSG, a lowering in moisture resistance is eliminated* 
The second reason is to prevent phosphorus in the PSG from 
diffusing onto the semiconductor element. Generally, in a 
thin-film semiconductor, due to an effect of particle field 
diffusion, phosphorus easily diffuses. Therefore, even at a 
relatively low temperature, phosphorus in the PSG diffuses into 
and harmfully influences the semiconductor element. For 
example, in an N-channel thin- film transistor, if phosphorus 
mixes into the channel range, leakage current easily increases 
into a depletion type. 

Thus, by employing the substrate structure of the 
invention, without an occurrence of any new problems, 
contamination from the transparent insulation substrate can 
be prevented. 

Pig. 4 is a graph showing the effects of the invention, 
which correspond to the prior-art example of Fig. 2. Various 
parameter values are the same as shown in Fig. 2 . In the figure, 
23 shows the initial performance of the thin-film transistor, 
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and 24 shows the transistor performance after a BT test. As 
clearly understood from this graph, the transistor performance 
before and after the BT test coincides within the range of 
measuring errors, which shows that the influences of 
contamination are eliminated . Therefore, it can be said that 
the invention is extremely effective for preventing diffusion 
of contaminants contained in a transparent insulation 
substrate. 

Also, in Fig. 3, an example in that the substrate 
structure of the invention is applied to only one side of the 
transparent insulation substrate was shown, however, the 
invention can be applied further to both sides and/or side 
surfaces of the transparent insulation substrate for 
perfectness. 

Also, in the above example, descriptions are given by 
using a thin-film transistor as a semiconductor element, 
however, the invention can be applied to other semiconductor 
elements such as an electro-luminescence and solar battery in 
which contamination from a transparent insulation substrate 
comes into question. 

As described above, the invention has excellent effects 
whereby diffusion of contaminants contained in a transparent 
insulation substrate is prevented, and a semiconductor element 
which is excellent in reliability, stability, and 
reproductivity can be provided. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a drawing showing the prior-art structure in 
a case where a thin-film transistor is formed on a transparent 
insulation substrate. 

Fig. 2 is a graph showing voltage and current properties 
and reliability of an N-channel thin-film transistor formed 
due to the structure of Fig. 1. 

Fig. 3 is a drawing showing the structure of the 
invention. 

Fig. 4 is a graph showing voltage and current properties 
and reliability of an N-channel thin-film transistor formed 
due to the structure of Fig. 3. 
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